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One out of every eight women in Western countries are eventually diagnosed with breast cancer. At the
UMC Utrecht a group of radiologists, epidemiologists, physicists and surgeons are exploring promising
MRI techniques aimed at improving diagnosis and treatment of non-palpable breast tumors.

5 promising MRI techniques for fighting breast cancer

Search, see and destroy

MRI scans can be used as a preoperative screening tool in patients with breast
cancer. By detecting additional tumors that cannot be seen on mammography
and ultrasound, a more dedicated surgical plan can be constructed. e tech-
nique used is contrast-enhanced MRI, whereby a contrast agent in the patient’s
veins visualizes cancerous tissue. Because of its biological tissue characteristics,
cancerous tissue takes up the contrast agent in a typical manner that di ers from
the contrast uptake in healthy tissue. s type of scan can be used to spot more
potentially malignant tumors o W . than are shown by mammogra-
phy, a er which they can, in , theory, be removed in one op-
eration. Today, approximately 20 percent of all patients need
further surgery a er their ' ' rst operation.

e MONET study (MR mammography  Of
Nonpalpable BrEast Tumors) has been set up to see whether
these pre-surgical MRI screen- - ings do, in fact, reduce the need
for recurrent surgery and thus make  surgical treatment more e ective in
patients with non-palpable breast cancer. s clinical trial includes approximate-
ly 500 Dutch women who have been scheduled for biopsy following a suspicious
mammogram. Half of them received routine medical care, i.e. mammography,
ultrasound, large-core needle biopsy and, if necessary, surgical removal of malig-
nant tumor(s). e other half, the MRI group, underwent a contrast-enhanced
MRI scan before the biopsy. Results are expected in the beginning of 2010.

More than 95 percent of all cancers in the breast can be seen with contrast-en-
hanced MRI. So the sensitivity is high, but the speci city, around 70 percent,
is limited. A technique that could possibly improve the speci city is
di usion-weighted MRI. With -— di usion-weighted MRI the
movement of water molecules , \ in tumors can be measured.
Malignant tissue has a higher cell-density than healthy tis-
sue, which means that wa-' 'ter molecules do not move
around as freely as they do in normal tissue. Consequently,
a malignant tumor shows a \ /Iower value for the Apparent
Di usion Coe cient (ADC) f— than non-malignant tissue. Pos-
sibly, the combination of contrast-enhanced MRI and di usion-weighted MRI
will provide a more precise characterization of the malignant tumor.

At present, MRI-guided biopsies are performed in only a few academic hospi-
tals in the Netherlands, amongst which Utrecht. Although it is a
useful method — MRI shows a , \suspicious breast lesions that
cannot be seen on X-ray or ultrasound images — it is not
intended to replace biopsies l guided by X-ray or ultrasound.
An MRI-guided biopsy takes more time, approximately

\ more complicated and costly
procedure than a regular large — core needle biopsy. However,
MRI guided biopsy is the only available method to obtain tissue
samples and therewith a histopathological diagnosis of these ‘MRI-only’ lesions
without the need for surgical removal of at least a part of the breast.

45 minutes in total, and is a

Microcalci cations in breast tissue are considered ‘markers’ of cancer. Firstly, oc-
currence of microcalci cations may point out precancerous tissue and secondly,
microcalci cations tend to cluster in existing malignant tumor tissue. Visualizing
calci cations in the breast therefore serves two purposes: localizing precancerous
and cancerous tumors. However, calci cations can also occur in benign lesions.
e best way to detect these tiny calci cation spots is through mammo-

graphy. On MRl they hardly show, o, " _ if at all. But research continues
totryand nd MRI techniques , \ that do visualize calci cations
in the human breast. Already, this has been made feasible
in in-vitro studies using a 3 Tesla MRI scanner. e goal
is to develop a technique that produces ‘calci cation slides’
of the breast.  ese slides then should be matched with
contrast-enhanced MRI slides, - in order to help to indicate
whether the enhancing lesions really are cancerous or precancerous le-
sions. Matching X-ray and MRI scans for this purpose is not suitable because of
the di erences in technique.

If successful, such an MRI technique could o er more certainty about
indeterminate areas of contrast enhancement, which are more likely to indicate a
(pre)malignant tumor if calci cations are also present.
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A method that could eliminate malignant breast tumors noninvasively using high
intensity focused ultrasound under guidance of MRI, is under construction. It will
take a few years before it is suitable for treating patients. Although the techniques
are already out there, so too are the physical obstacles.

Destroying tumors noninvasively by heating them is already performed
clinically (temperatures between 55 and 60 degrees Celsius are fatal to human tis-
sue, including cancerous tissue). For example, certain myomas (- eshy growths) in
the womb can be destroyed by heating. For a safe use of the technique, the exact
location and the precise temperature provoked by ultrasound energy are mandato-
ry. In theory, a technique known W . as proton resonance frequency

shi -based MR thermometry can be used for this. s tech-
nique produces images of the temperature changes in tissue,
visualizing the progress of the ‘heat attack’ But in studies

a potential problem for MR thermometry in the breast was
found: whereas the breast itself / is easy to keep in position (im-
portant for all MRI techniques), = tisdiocultto accurately mea-
sure the breast’s internal temperature. Because the breast is located close to the
lungs, breathing causes slight di erences in the magnetic eld inside the breast.

is is no problem in regular MRI scans, but with use of MR thermometry these
disturbances can be easily misread as tissue temperature changes of up to 13 de-
grees Celsius. Further investigation is needed to tackle this issue before a heating
treatment for breast cancer can be successful.

Researchers: Dr Nicky Peters, Prof. Dr Petra Peeters, Dr Carla van Gils, Prof. Inne Borel Rinkes, Prof. Richard van Hillegersherg, Prof. Dr Willem Mali, Dr Maurice van den Bosch and Dr Wilbert Bartels.
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Not for all breasts

Magnetic resonance imaging consists of an ever-expanding set of rather complicated techniques.
Its versatility is its advantage: MRI offers many ways of imaging, various ways of mapping the hu-
man body, and numerous promising leads for scientists to follow.

With regard to breast cancer, MRI still is a relatively young technology as it has been in
use only for the past fifteen years. It has been proven to be useful for three groups of women. First,
for breast cancer patients who are scheduled for surgical treatment to determine the precise extent
of the lesion. Secondly, for women with armpit swelling caused by a malignancy in a lymph node.
Until recently, these women were treated with breast amputation under the assumption that if a
cancerous tumor was found in the armpit, but the mammogram showed no cancer, there neverthe-
less should be an invasive occult breast tumor that had caused the armpit swelling. MRI, however,
has opened more possibilities for breast-conserving surgery. And thirdly, women with a high risk of
breast cancer because of a family history of breast cancer or known genetic mutations.

However, a role for MRl in population-based breast cancer screening programs (in the
Netherlands, all women over fifty are offered a mammography every two years) is still disputable.
MRI may detect more cancerous lesions, but at the cost of more benign lesions and higher rates
of referrals for biopsy. It is not clear yet, whether MRI added to mammography for specific sub-
groups, i.e. women with extreme dense breasts, will improve screening results. This topic will also
be further investigated by researchers of the UMC Utrecht in the near future.
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‘We show that mechanical forces in the cell do not inactivate

the enzyme but pull away the substrates’

rora B ensures that the chromosomes
are only divided between two cells if it
is absolutely certain that this division
can be performed successfully!

Biochemical signal

Before a cell divides, a copy of each
chromosome has to be made. is
gives rise to a total of 92 chromo-
somes.  en the copy and the original,
which are initially still bound together
as a pair of sister chromatids, have to
be separated. To accomplish this, tiny
threads of protein called microtubules
grow toward the chromosomes from
the two poles of the cell. Here they at-
tach to one of the 92 chromosomes,
whereupon this chromosome is pulled
toward its attached pole. In order for
correct division to occur, the threads
from one pole must attach to one sis-

ter, and those from the other pole to
the other. If threads from the same
pole attach to both sisters then two
chromosomes will be pulled toward
the same pole and one daughter cell
will receive more chromosomes than
the other.

‘Back in 1969 it was already
discovered that mechanical forces reg-
ulate this attachment process; explains
Lens. ‘If threads attach properly, two
bound sister chromatids will be pulled
in opposite directions, thereby creating
a tension between them. If, however,
the sisters are attached to threads from
the same pole, there will be no tension
and the attachment between thread
and chromosome will be broken. e
sister chromatids then remain bound
together and they get a further chance
to attach threads. is process contin-

Y ‘,’

\

ues until all of the chromosomes have
been correctly attached. e question
that remained unanswered, however,
was how the presence and absence
of tension is translated into the bio-
chemical signal that causes the sister
chromatids to be pulled apart!

Binding site
By using sophisticated microscopic
techniques and micromanipulation of
the Aurora B enzyme, Lens and col-
leagues have succeeded in answering
this question. e Aurora B is initially
located close to the sites where the
threads attach to the chromosomes.
Being so close to the hinding site,
Aurora B can still easily sever this at-
tachment. e enzyme does this by
adding phosphate groups to so-called
substrate proteins at this binding site
(a process known as phosphoryla-
tion). However, if the tension between
the two sister chromatids increases
because the chromosomes are pulled
apart, the binding site will be pulled
away from the enzyme, which can
then no longer sever the attachment.
‘We already suspected that
this was what happened; says Lens, ‘but
it was, nevertheless, a surprise to actu-
ally have our suspicions con rmed. As
far as | know, it has never before been
shown that mechanical tension is trans-
lated into a biochemical signal in this
way. Generally speaking, mechanical
forces in the cell result in an enzyme
being inactivated. We show that this
does not have to be the case: substrates
are, in fact, pulled away from the en-
zyme by tensile force, while the enzyme
continues to function as usual — aside

from the fact that it can no longer bind
to that particular site!

Sequencing
It may be possible to use the knowl-
edge that has been acquired here to
develop new therapies. One could, for
example, target tumor cells in which
the Aurora B is no longer function-
ing properly.  ere are, however, a
number of questions that need to be
answered before this can happen. We
rst need to nd out whether tumor
cells are in fact more likely than other
cells to have errors in the DNA that
codes for Aurora B. In addition, Lens
and her team are now investigating
which substrate proteins are phos-
phorylated by Aurora B. Around ten
of these have now been identi ed, but
there are many more, and the Utrecht
researchers do not yet know which of
them have a genuinely important role
to play in regulating cell division.
is research may assist in
the sequencing of further tumor cells.
As the entire DNA of these tumor cells
is being mapped, we can investigate
where errors have creptin.  us it will
be possible to discover whether tumor
cells are more likely than other cells to
have errors in the DNA that codes for
Aurora B or one of its substrates. ‘Hav-
ing discovered where such anomalies
are frequently located’ says Lens, ‘we
would be able to repair them, for ex-
ample by inhibiting such a defective
protein and inserting a good protein.
But such an application is still a long
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Rheumatoid arthritis (RA) is a chronic
In ammation primarily of the hands

and feet e in ammatory changes have an immunologic basis and usu-
ally begin in the joint capsule and then invade cartilage, tendons and bones. In an
e ortto nd out more about the disease process, Professor of Rheumatology Hans
Bijlsma, together with Prof. Floris Lafeber and Prof. Cor Verweij, formed a research
consortium comprising several major pharmaceutical companies, a large number
of startups and six University Medical Centers. Working within the framework of
the TRACER (Tools Rheumatoid Arthritis: Creating Enhanced Remedy) research
program, the consortium wants to develop tests within ve years which will allow
more individually oriented treatment of RA patients.

Individual profile

‘  ese patients exhibit a highly dynamic in ammatory process; explains Bijlsma.
‘Sometimes the in ammation almost completely subsides and then it suddenly
ares up again. Moreover, this is a complex process involving a wide range of in-
ammatory factors. Sometimes white blood cells — such as B lymphocytes or T lym-
phocytes — appear to predominate, then it is the interleukins, TNF-alpha or other
factors. Actually we want to map all of the factors that play a signi cant role in this
process. Based on a combination of these factors, we hope to be able to develop a test
with which we can establish a clear-cut disease pro le for each individual patient.
ispro le will be based on biomarkers derived from genomic, proteomic and me-
tabolomic research, with which we can establish the correct diagnosis, prognosis
and optimal treatment for each individual. Research employing new imaging tech-

niques, such scans and other images, will also assist in this process!
In order to gather as much data as possible at various stages of the disease,
TRACER is conducting research in three di erent patient groups, which have been

‘ rheumatoid arthritis

named VERA, ERA and ESRA. VERA stands for Very Early RA. Bijlsma: * ese
people are actually not yet patients. ey do sometimes have some pain in their
joints, butnoRA asyet. ey are at great risk of RA, however, since they have family
members with the disease and we have detected antibodies to cyclic citrullinated
peptides (anti-CCP) in their blood. Anti-CCP is a very early marker of RA, which
also o en indicates that the disease is taking a more severe course. Eighty percent of
the VERAs do actually develop RA within a few years.  is group therefore gives us
more insight into the early phase of RA’

Biologicals

In the ERA (Early RA) group, the disease has only just manifested.  ese patients
are treated on an outpatient basis at one of the six participating University Medical
Centers. By testing for speci ¢ substances in urine, blood and (if possible) tissue, the
TRACER consortium also wants to detect the characteristic markers for this phase.

Finally, the ESRA (Established RA) group comprises patients who have
already had the disease for some considerable time. Current treatment consists of
starting medication promptly. is will usually involve a combination of several
disease-modifying antirheumatic drugs (DMARDs). Research indicates, for ex-
ample, that a combination of methotrexate, sulfasalazine and/or prednisone is far
more e ective in reducing disease activity than the use of one drug only. In many
cases, however, success with this approach is only temporary and the patient is then
switched to a combination with a biological.

Biologicals are new, but costly, drugs that intervene far more speci cally
in the disease process than other compounds.  ere are, for example, biologicals that
seek to neutralize the cytokine, TNF-a, which is known to exacerbate the in amma-
tory process. is can either be done with antibodies to TNF-a or else by blocking
the receptor for TNF-a. In addition, there are biologicals that seek to inhibit the
in ammatory process in adi erent way, for example by depressing the activity of B
and T lymphocytes or of certain interleukins.




‘At present we don't know which biologicals are moste ective inaspeci ¢
patient; says Bijlsma. ‘Current treatment is based to a signi cant extent on trial and
error.  rough the TRACER program we hope to nd biomarkers for each of the
three patient groups, which will allow a more individual approach. Not only from a
therapeutic standpoint but also with a view to timely diagnosis and the prognosis of
the disease. A clear pro le based on biomarkers will massively improve the care of
individual RA patients’

Reversing osteoarthritis
Professor of Experimental Rheumatology Floris Lafeber, a colleague of Bijlsmas, is fo-
cusing on osteoarthritis; i.e. wear in the joint characterized by progressive loss of carti-
lage. At a certain point, the joint becomes so worn and painful that surgery is required.
‘Ankles are then mostly arthrodesed; explains Lafeber, ‘whereas we usu-
ally opt for a prosthesis in the case of knees. Our research is now mainly focused on
the knee joint, because osteoarthritis of the knee severely a ects quality of life and
is also associated with high costs due to sickness absence and medical costs. Over a
million of the sixteen million people living in the Netherlands su er from osteoar-
thritis, and the problem is merely getting worse on account of the ageing popula-
tion. We are also seeing that many people in their sixties are already having a knee
prosthesis. e average lifespan of a knee prosthesisis  een years, which therefore
means that we shall have to perform many reoperations in the future.  ese revision
operations are more complex and troublesome and have a less favorable outcome’
is is reason enough to seek to postpone severe osteoarthritis of the knee
for as long as possible or even, perhaps, to reverse it. Around the turn of the century,
Dr Van Roermund of the UMC Utrecht Orthopedic Department, in collaboration
with several other hospitals, treated over seventy ankle-osteoarthritis patients by
joint distraction. * e results were extremely good:; notes Lafeber.
‘In fact we managed to postpone arthrodesis of the ankle in more
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is also led us to investigate the e ect of joint distraction in patients with severe
osteoarthritis of the knee’

Knee distraction device
Distraction involves inserting two pins through the bone above and below the knee.
Interposed between these pins are external xation tubes (with springs) that can
‘stretch’ the knee joint.  is knee distraction device creates space within the joint
so that the worn, damaged surfaces of the femoral and tibial articular cartilage no
longer come into contact.

‘Patients wear the external xation frame for two months, says Lafeber,
‘and we are seeing very favorable results in all 25 of the patients treated to date. Hav-
ing previously moved over one another in the joint like sandpaper, the two cartilage
surfaces regenerate and clinical improvement continues long a er the two-month
treatment program has ended. We have established this conclusively on x-rays and
MRI scans. e paradigm that cartilage never regenerates is therefore untrue. What
we are seeing here is tissue generation par excellence. e patients whose cartilage
has regenerated state that their knee joint function substantially improves a er the
treatment and they are virtually pain-free. e clinical e ects therefore mirror the
actual cartilage regeneration nicely!

e reason for the remarkable regeneration is still unknown. It may be
due to uid pressure changes in the joint space, or perhaps itisin uenced by chang-
es in the bone, or else there is a process whereby stem cells are attracted from sur-
rounding tissues. ‘Using animal studies and other methods, we now propose to nd
out precisely what triggers this regeneration process and identify the key factors,
says Lafeber. “To make the treatment more patient-friendly, we want to see how we
can adapt the treatment based on ndings from such studies!

than two-thirds of the patients — in some cases by up toten years. ‘A clear profile based on biomarkers will massively improve

the care of individual RA patients’

Contact information
Hans Bijlsma, J.W.J.Bijlsma@umcutrecht.nl
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EPIDEMIOLOGISTS PROF. ALE ALGRA AND DR JACOBA GREVING from the UMC Utrecht reported in Circulation last year that
aspirin might prevent cardiovascular events in men who are at risk but otherwise healthy. They also conclude that women
don’t benefit from aspirin. This sex-specific effect of aspirin is hotly contested. Moreover, even the advantages of primary

prevention with aspirin in general are still a matter of debate.

Who bene ts

\_ Orig |nall%/ derlved from the bark
and leavés of the willow tree, salicin, an
aspirin-like natural compound, was used
tO I‘elleve paln and fevel’ Nowadays aspirin is at the heart

of secondary prevention of cardiovascular events such as myocardial infarc-
tion, stroke, and cardiovascular death as well as being a key ingredient in the
treatment of acute myocardial infarction and acute ischemic stroke. Whether
this old drug also has a place in primary prevention is still a matter of debate.
Low-dose aspirin is associated with a reduction in cardiovascular events. But
even at a low dosage, aspirin also increases the risk of gastrointestinal bleeding
and hemorrhagic stroke.

Professor Carlo Patrono from the Catholic University School of
Medicine in Rome believes that there is only limited potential for aspirin in
primary prevention. He co-wrote an article in e Lancet of 30 May 2009 on
behalf of the Antithrombotic Trialists (ATT) Collaboration and concludes that
the additional e ectiveness of aspirin against fatal or disabling outcomes has
not been reliably demonstrated for men or women of any age who do not yet
have any relevant disease.

from aspirin?

Aspirin may prevent cardiovascular events,
but the effect is very small.

PATRONO: * e ATT concludes in e Lancet that the number of cardiovas-
cular events prevented equals the number of bleedings that occur in the same
setting. People with more cardiovascular risk factors bene t slightly more from
aspirin, but the ATT also observed a higher risk of bleeding in these people. Ap-
parently the underlying mechanisms of atherothrombosis and bleeding are con-
nected. What it comes down to is that in a group of people with a low annual rate
of cardiovascular events, the balance between bene ts and side e ects of aspirin
is uncertain.  is does not mean aspirin is not e ective — it certainly is. But the
absolute number of people per thousand treated that bene tis very small’

ALGRA & GREVING: ‘Aspirin in primary prevention is certainly not for every-
one. For women the case for primary prevention is weak, as the bene ts hardly
outweigh the serious adverse side e ects. However, for men with a medium to
serious risk pro le, we believe that aspirin prophylaxis reduces enough isch-
emic events to outweigh the increase in hemorrhagic stroke and gastrointestinal
bleeding. Researchers from the Antithrombotic Trialists Collaboration state in
their recent paper that in primary prevention without previous disease ‘aspi-
rin is of uncertain net value as the reduction in occlusive events needs to be
weighed against any increase in major bleeds. We feel that this statement is a
missed opportunity with di cult translation into clinical practice. We therefore
updated our previously published cost-e ectiveness analysis in an accompany-
ing Comment to the ATT paper with the new data provided by the ATT inves-
tigators. We showed that the bene ts of aspirin treatment exceeded the risks in
men with a serious risk pro le’
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I For men the use of aspirin in primary prevention

is cost-effective, for women it isn’t.

PATRONO: * e main question is not whether aspirin is cost-e ective but
what is the balance of potential bene ts versus potential harm associated with
long-term exposure to the drug. | do not believe there is a sex-speci c e ect
of aspirin.  ere are two main reasons. First, there is simply no convincing
evidence from randomized clinical trials.  ere is evidence from the Women's
Health Study, but that is a failed study which didn't reach statistical signi cance
on its primary endpoint. Second, there’s no biologically plausible explanation
for a sex-speci c e ect of aspirin.  ere are no pharmacokinetic or pharma-
codynamic di erences in the antiplatelet e ect of aspirin between men and
women which might explain the di erence!

ALGRA & GREVING: * e dataonthee cacy of aspirin in men and women
are reported in the recent ATT paper and, in our opinion, show clear di er-
ences between the sexes.  ese di erences are dismissed by the ATT investiga-
tors with criteria that are too stringent for subgroup analysis — such di erences
were anyway already reported in another meta-analysis by Berger et al. in the
JAMA in 2006. Aspirin treatment yielded the greatest reduction in myocardial
infarctions in men and a small reduction of ischemic strokes in women. We
used that JAMA paper for our cost-e ectiveness analysis, which was published
in Circulation in 2008, and updated this analysis in the Comment accompany-
ing the recent ATT paper. For most women, aspirin treatment resulted in worse
health outcomes at increased costs. Aspirin treatment for primary prevention
is cost-e ective for men with a 10-year cardiovascular disease risk of >20%
and for women with a risk of >25%. We believe that opportunities for primary
prevention with aspirin seem limited, especially in women!

PATRONO: * e problem is that in today’s medical environment in Western
Europe, once the general practitioner has adequately managed modi able
cardiovascular risk factors with diet, exercise and — if necessary — drugs (e.g.
lipid-lowering, blood-pressure lowering), the number of men with a projected
10-year risk of cardiovascular complications >20% is extremely low and prob-
ably con ned to a subset of diabetic subjects. e e cacy and safety of low-
dose aspirin in diabetic subjects without a prior vascular event is currently be-
ing investigated in two placebo-controlled randomized trials (ASCEND and
ACCEPT-D)!

ALGRA & GREVING: ‘We agree that the number of men for whom primary

prevention might be indicated could be small. And we have to await the nd-
ings from the two ongoing trials for diabetics’

Contact information
Ale Algra, a.algra@umcutrecht.nl

Patients who don’t respond to aspirin are qualified as ‘resistant’.
The use of this term should be banned.

PATRONO: ‘Aspirin resistance is not a useful concept. e term resistance
is a misnomer and is misleading. It is derived from antibiotic resistance, in
which a drug induces a change in the target pathogen, for example selection
of a mutated strain.  at is clearly not the case with aspirin resistance, which
is merely a manifestation of interindividual variability in antiplatelet drug re-
sponse.  at this variability exists is no surprise, since aspirin is no magic
bullet; it is a drug like any other. Many of the in-vitro assays used to determine
platelet aggregation, a measure of aspirin e ectiveness, su er from a low sig-
nal-to-noise ratio and are typically measured only once. In a recent JACC pa-
per we showed platelet cyclooxygenase activity to be consistently suppressed
by low-dose aspirin in healthy subjects. However, the e ect of aspirin was not
always detected by functional assays, potentially leading to misclassi cation of
‘responders’ as ‘resistant.

Also, it remains to be seen whether variability in aspirin e ectiveness
is due to pharmacokinetic reasons, or whether it is a matter of patient compli-
ance. Doctors merely ask patients if they use the prescribed drugs, and the
answer may or may not re ect reality. In addition, other drugs like ibuprofen
might interfere with aspirin. For example, many elderly people su ering from
arthritis use ibuprofen or other NSAIDs to relieve the pain, but these drugs
compete with aspirin for acommon binding site on the cyclooxygenase enzyme
and might cancel the e ect of aspirin. As over-the-counter drugs come with
many di erent labels, patients might not even know they are using something
that interferes with other medication, let alone inform their doctor about it!

ALGRA & GREVING: ‘We could not agree more. We should like to approach
‘aspirin resistance’ from a clinical perspective.  erefore we are developing
plans to do a trial among patients who had a vascular event while taking aspirin
in order to resolve the clinical dilemma over whether to continue with aspirin
or to switch to other antiplatelet drugs’

Aspirin has a future despite the development of newer drugs.

PATRONO: ‘Aspirin de nitely has its use in the 21st century. But we do have
to carefully re-evaluate the size of the absolute bene t from aspirin. We should
not simply apply estimates about the e ect of aspirin based on studies con-
ducted twenty to thirty years ago. Generally speaking, the rate of cardiovas-
cular events has dropped due to more aggressive management of risk factors.
Cholesterol-lowering drugs like statins certainly add to that trend. s sug-
gests that the potential bene ts from aspirin might be smaller than they used
to be 20-30 years ago. Statins have proven to be e ective, but these drugs are no
simple alternative to aspirin. Only a er careful evaluation should a physician
prescribe statins!

ALGRA & GREVING: ‘Statins might be just as e ective as aspirin. ey also
strongly reduce cardiovascular risk but cause fewer side e ects. Also, statins
have become much cheaper, making them an economically feasible alternative.
We are currently doing an analysis in this eld’

Dr Patrono is Professor and Chair of Pharmacology at the Catholic University School of Medicine in Rome, Italy. Dr Ale Algra is Professor of Epidemiology
and Dr Jacoba Greving is Assistant Professor of Epidemiology. Both are employed at the Julius Center of the University Medical Center Utrecht.
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is Professor of Clinical Epidemiology and Director of the
Julius Center for Health Sciences and Primary Care. In 2008 he received the
biennial Catharijne Prize for his scientific work to date, also this year he was
elected member of the Royal Netherlands Academy of Sciences.

‘The art lies in asking the
rig ht q ueStion ,The UMC Utrecht awards

the Catharijne Prize every two years in recognition of the
entire body of work performed by a particular medical re-
searcher. Prof. Rick Grobbee (born in 1957) could name a
long list of candidates who qualify for this award. Hence
his surprise when he received the prize himself in November 2008
for his pioneering epidemiologic research on cardiovascular disease.
Grobbee is known in particular for his research into the in uence of
dietary components such as salt, co ee and alcohol on the heart and
blood vessels and into the impact of lifestyle factors such as stress. In
the course of his career he has published more than eight hundred
articles in renowned medical journals and supervised over a hundred
PhD students.

‘Epidemiology is all about counting and comparing, says
Grobbee, ‘with the aim of gathering data on the occurrence of dis-
eases and the factors that in uence this. e art lies in asking the right
research question — i.e. knowing what it is you want to nd out — and
then gathering the appropriate population or patient data’

Grobbee goes further than many other epidemiologists to

nd the answers to his questions. He sometimes uses extensive im-
aging techniques to visualize vessels, measures the speed at which
the blood ows and gathers data on blood biochemistry. He links
this information to factors such as smoking and alcohol consump-
tion. Grobbee: ‘We also use research data on diagnosis and treatment
from other specialists in our epidemiologic analysis of this data. What
characteristics are shared by patients in whom atherosclerosis leads
to heart problems? Why do some people have protective mechanisms
that prevent heart failure whereas others do not?’

According to Grohbee, an epidemiologist must be able to
think outside the box and make the relevant connections.  is sounds
easier than it is in reality. Grobbee: ‘In the 1970s the number of storks
in Europe decreased in direct proportion to the number of children
that were born. Anyone who makes the wrong connections can really
end up with egg on their face’

He regards his prize — a cash award of ten thousand euros —
as a reward for his entire research team. Grobbee: ‘Epidemiology is
never the work of individuals. We have researched our particular eld
as a close-knit team and put the epidemiology of cardiovascular dis-
ease under the spotlight over a ten-year period. We employ all sorts of
clinical scienti c techniques and we work in tandem with other dis-
ciplines. In doing so we make optimum use of the wealth of resources
that are available at the UMC Utrecht’

Contact information
Prof. Rick Grobbee, D.E.Grobbee@umcutrecht.nl
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The large-animal research laboratory plays an important role in the UMC Utrecht's quest for new treatments for
cardiovascular diseases. A living, autologous heart valve is one of the promises offered by this research.

From ‘spacemaker’
to autologous heart valve

Cardiovascular research in the large-animal lab

ere is a large gulf between bench and bedside. Results
from basic and applied biomedical research cannot automatically be translated
into a human application. It will come as no surprise that this has to be preced-
ed by a step involving animal studies. But the importance of large-animal stud-
ies, especially for cardiovascular research, is less well known. e large-animal
research facility at the UMC Utrecht plays a prominent part in this.

* e large animal is an essential intermediate step in the transition
from laboratory to human use’, says experimental cardiothoracic surgeon Paul
Grundeman. * e application of new techniques in humans always involves an
element of risk. Testing in large animals is a way of minimizing that risk’

Cardiology researcher Dr Imo Hoefer adds: * e value of large-ani-
mal studies as an intermediate step in translational research is underestimated.
Although it is tempting to try out promising techniques straight away in hu-
mans, this can have unexpected consequences!

anks in part to the royalties from the Octopus project (see sidebar:
‘Octopus: bypass operations without a heart-lung machine’) the UMC Utrecht
is conducting a wide range of experimental cardiology and cardiac surgery re-
search in the Heart & Lung division's large-animal research laboratory. is
facility is headed up by Prof. Gerard Pasterkamp, who succeeded Prof. Cees
Borst. e hospital has a modern infrastructure with accredited animal hous-
ing and highly quali ed and experienced sta that enable it to conduct cardio-
vascular research with large animals, but the most striking feature of the facility
is its scale. If necessary, it is possible to perform several operations every day
and monitor animals for as long as six months. Needless to say, each study must

rst be approved by the university's Animal Research Committee.
e large-animal facility gives Utrecht surgeons and cardiologists the

opportunity to practice new cardiovascular interventions. It is also regularly
visited by surgeons from all over the world who wish to learn how to safely
perform a heart transplant or some other procedure.

Artificial valves
Utrecht researchers are seeking to develop new treatments and drugs by mim-
icking heart diseases in animal models. Much of their attention is focused on
heart valves, which are crucial to cardiac pump function. Valves that malfunc-
tion (because they are constricted or leak) can ultimately lead to heart failure. A
malfunctioning valve will o en need to be replaced. Although arti cial valves
and biological valves have been available for a long time, they are not yet a
de nitive solution. Biological valves have a limited lifespan and patients with
arti cial heart valves have to take anticoagulant drugs for the rest of their lives.
Furthermore, patients with a prosthetic heart valve have a shorter life expec-
tancy, even a er correction for every conceivable factor. e exact reason for
this is not known. Evidently mechanical valve replacement alone is not suf-
cient.

A heart valve that lasts a lifetime and requires no anticoagulants is
one of the objectives of the research conducted at the UMC Utrecht. Although
this goal is manifestly still a long way o , several research programs are nev-
ertheless aimed at improving existing valves and developing entirely new con-
cepts. Cardiothoracic surgeon Jolanda Kluin is collaborating with Eindhoven
University of Technology on the development of heart valves grown from a
patient's own cells.  is research is being supervised by the head of the Depart-
ment of Cardiothoracic Surgery, Prof. Lex van Herwerden, who is a nationally
acknowledged expert in the eld of mitral valves and aortic surgery.
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Biodegradable scaffold

Kluin is currently testing valves based on a biodegradable sca old made using
cells harvested from sheep's blood. e cells are propagated in a bioreactor
and seeded onto a heart valve-shaped sca old. e valves grown using this
procedure are inserted in a stent which ts in the pulmonary artery of the
same sheep. Kluin replaces the sheep's pulmonary valve with an autologous
valve via open-heart surgery. e sca old dissolves within two weeks a er the
operation. If the operation has been successful, the valves are fully grown by
this time. e researchers then determine whether the valves are functioning
properly by echocardiography.

Autologous heart valves, being derived from material produced by
the patient's own body, have the obvious advantage that no immunologic re-
jection will occur. e developmental work on these valves is still far from
complete. e researchers have received a grant from the Biomedical Materi-
als program. ‘Our goal is a heart valve derived from autologous tissue which
grows with the recipient and changes shape as needed;, says Kluin. ‘Such a valve
may enable us to help newborn babies. Arti cial valves cannot be implanted in
newborns because they grow so fast that surgery is therefore needed periodi-
cally in order to insert new replacement valves. At present there is 0 en little
that we can do for newborns with valve problems’

‘We already have arti cial valves and biological valves, so new variants
must surely represent an advance, says Kluin. * ey must o er health bene ts
over the current valves.  ere is de nitely room for this, but it will probably be
some time before these experimental valves can be used in humans!

Heart failure
Paul Griindeman, who is responsible for cardiothoracic surgery research with-
in the animal research facility, is currently working on a number of projects.
Among them is a porcine model for cardiomegaly. Myocardial infarction can
lead to deterioration in atrioventricular valve function, since
scarring of myocardial tissue changes the shape of the heart,
pulling the valve lea ets apart so that they no longer close prop-
erly. Leaking valves force the heart to pump harder and, in the
long term, it becomes so enlarged that the myocardium is over-
stretched.

With funding from the Netherlands Heart Foundation,
Grindeman and heart surgeon Ronald Meijer are testing an in-
novative procedure for repairing leaking valves in patients with
heart failure. A wire passed through the heart pulls the ring of
myocardial muscle to which the heart valves are attached into
place, thereby allowing the valve lea ets to close again. e use of
a wire to reposition the valves may be an elegant solution to this
problem, particularly if this wire can subsequently be adjusted
without the need for further surgery, as is the intention. Griinde-
man is also working on a mat made from special materials which
is designed to restore the geometry of the hearta er surgery has
been performed to reduce cardiomegaly. e ability to subse-
quently adjust the shape of the heart is considered advantageous
in restoring cardiac pump function.

30 large-animal lab

Quick lock

In collaboration with cardiothoracic surgeon Prof. Jaap Lahpor, Griindeman
is developing a method for attaching assist devices to a beating heart via a
‘quick lock’ Lahpor implants around  een such le ventricular assist devices
(LVADs) or auxiliary hearts a year. e procedure required in order to implant
this mechanical support device is highly invasive. e quick-lock method is
intended to dispense with the need for a heart-lung machine.

Grundeman has other studies in progress. For example, he is work-
ing on animal models designed to assist cardiologists developing new ablation
techniques involving the use of electric shocks in the treatment of cardiac ar-
rhythmias. He is also contributing to a research program led by Prof. Pieter
Doevendans which is using myocardial stem cells and a vascularized muscle

ap to repair infarct damage. e aim is to create an oxygen-rich environment
in which stem cells are more likely to thrive.

In addition, Griindeman has developed a ‘spacemaker’ for use in ex-
ploratory cardiac procedures. is in atable device creates space in the body
so that endoscopic operations can be performed without Iling the body cavity
with gas.  is invention is protected by a European Patent.

Natural bypasses
e other participant in the large-animal facility is, of course, the Department
of Experimental Cardiology itself. Physician and researcher Imo Hoefer and
colleagues have various research programs in progress. For example, they are
working to improve the patency of dialysis gra s.  ese are devices used to
achieve permanent vascular access in renal patients (and others) who have to
undergo periodic hemodialysis. In the long term, insertion of a catheter into a
blood vessel gives rise to rejection reactions.
Hoefer is also investigating the development of ‘natural bypasses.
Occlusion of the coronary vessels, which supply blood to the myocardium, by

Of pigs and men

The fact that many biomedical animal studies are performed with mice is due in
part to their short gestation period and the fact that it is easy to produce transgenic
mice. Mice are, however, too small for cardiovascular research: their blood vessels
are so much smaller than human vessels that it is difficult to try out new techniques.
Dogs are more suitable, but they are anatomically very different from humans. For
example, a dog has more collateral vessels around its heart than a human and
consequently the occlusion of coronary vessels has less effect. Ultimately, the com-
bination of metabolism, diet, anatomy and weight makes the pig the most suitable
species for cardiovascular research.

Sheep are highly suitable for testing heart valves because their valves cal-
cify rapidly. It is therefore easy to measure the effect of different types of valve.
Furthermore, valvular function can be evaluated by means of echocardiography, as
in humans.

A further advantage of large-animal studies is the fact that the dosage of
anesthetics and other drugs is of the same order of magnitude as in humans. The
similarity in ‘scale’ between large animals and humans brings the additional advan-
tage that imaging techniques can be used in a similar manner. Anything that can be
visualized in an animal can also be visualized in a human. Although ultrasound is the
most widely used modality in cardiovascular imaging, the advantage also applies, in
theory, to other techniques such as MRI and CT.



Octopus: bypass operations
without a heart-lung machine

One of the UMC Utrecht's biggest scientific successes in the recent past
is the development of the Octopus. This took place under the leader-
ship of Professor of Experimental Cardiology Cees Borst, with the close
involvement of Paul Grindeman, Associate Professor of Experimental
Heart Surgery, in the capacity of project leader and co-inventor. The de-
velopment of the Octopus was the springboard for the establishment of
the large-animal facility in its present form. The Octopus allows bypass
operations to be performed without having to connect the patient to a
heart-lung machine. It immobilizes a small area of the heart where the
surgeon can work undisturbed while the heart continues to beat nor-
mally. This must reduce the neuropsychological side effects associated
with the heart-lung machine, making the device particularly beneficial
for elderly patients with heavily calcified blood vessels. The Octopus
has taken the world of medicine by storm since its development in the
mid-1990s. The instrument is currently being used worldwide in twenty
percent of all open-heart operations.

arteriosclerosis can be partially counteracted by the formation of collaterals.  dies and loss of cardiac function is reduced’ e fact that exenatide is already

is intricate network of blood vessels can, to some extent, take over the task of
supplying blood to the heart and reduce the e ects of an infarct. ‘But collaterals
usually only develop over a number of years, explains Hoefer, ‘so we are trying
to accelerate that process pharmacologically and by using cells!

A third strand of research concerns the improvement of stents.  ese
endovascular gra s are principally known as a means of repairing bulging
blood vessels (aneurysms), but they are also very e ective in preventing rest-
enosis a er atherosclerosis. Arteriosclerosis o en recurs at the same site, in
which case a stent can help to keep the blood vessel open. e development of
stents is advancing rapidly. Whereas the rst models were wire-mesh tubes, to-
day we have drug-eluting stents made from special materials which adapt their
shape to t the blood vessel. ‘We are experimenting with drug-eluting stents
that delay the process of restenosis by releasing anti-in ammatory agents or
drugs that block cell proliferation; says Hoefer.

Myocardial infarction
Hoefer is particularly pleased with the fourth research program, which aims
to reduce the damage that follows reperfusion in patients who have su ered
a myocardial infarction. Oxidative damage does not occur until the ow of
blood, and therefore the supply of oxygen, is restored a er an infarction. * e
concept of using special substances to prepare the myo-
cardium for reperfusion is not new. But then you need

well known as an antidiabetic drug will make the transition to human use eas-
ier. e rst clinical trial involving administration of the compound a er a
myocardial infarction is under way in Denmark.

Hoefer and colleagues published their favorable results in the Journal
of the American College of Cardiology in February of this year. In an accom-
panying commentary, British researchers congratulated their Utrecht counter-
parts on ‘a well-designed and highly translational study’ noting that ‘the ob-
served reduction in infarction with exenatide is impressive!

e cardiovascular large-animal facility is the biggest of its type in the Neth-
erlands. * e large-animal facility enjoys the full support of the UMC Utrecht
Management Board, says Griindeman. ‘It is now up to the researchers to achieve
scienti c excellence and maintain critical mass.  is will require collaboration
with industry. Plans to build new premises for the large-animal facility chime
perfectly with our ambition to remain an in uential center of excellence’

‘The value of large-animal studies as an intermediate step in

to know when a myocardial infarction is going to occur,

translational research is underestimated’

and that is obviously not how things happen in clinical
practice’

‘We have tested a substance, exenatide, which
is actually able to reduce the oxidative damage when ad-
ministered a er the infarction) explains Hoefer. *  is re-
sembles the clinical situation of a patient who is treated
a er presenting at the emergency department. When
pigs are treated with exenatide, less of the myocardium

Contact information
Paul Grindeman, p.f.grundeman@umcutrecht.nl
Imo Hoefer, ihoefer@umcutrecht.nl
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(born Tokyo, 1961) is working on an MRI method for the detection
and evaluation of tumors throughout the body.

| can relax in the
Netherlands

‘The UMC Utrecht uses a lot of Philips imaging equip-
ment. That is one of the reasons why | chose Utrecht:
if you have any questions, there is always someone
available to give advice. In Japan | worked as a radiolo-
gist, but research is not a high priority in Japan. It is regarded as
something you do out of interest or curiosity: in your own time,
in the evening and at night.

My research here in Utrecht is about MRI: Magnetic
Resonance Imaging. Together with my team | have developed
a new MRI technique: DWIBS, or Di usion-weighted Whole-
| Body Imaging with Background body signal Suppression.
DWIBS visualizes the di usion of hydrogen molecules. ese
are random movements at micrometer level. In tumors and
damaged tissue, the di usion is 0 en abnormal and these con-
* trasts can be seen on the scan.

e ‘standard’ di usion-weighted MRI technique
has been used for brain scans since 1999. Radiologists use it to
detect cerebral infarctions. Brains don't move, but in the trunk
everything moves.  at is why for many years it was considered
impossible that diusion-weighted MRI might also be capable
of detecting infarctions and tumors elsewhere in the body. e
argument was that respiratory movements distort the image so
much that di usion-weighted scanning is pointless.

Our DWIBS concept shows that respiration does not
have to be a disruptive factor at all. Patients can simply carry
on breathing normally while we produce thin, detailed cross-
sectional images of the body.  is enables us to visualize tumors
and even small metastases. \We are now researching the poten-
tial applications of this technique.

I plan to spend at least four years in Utrecht and it is
somewhere | can relax. Not only because I can focus completely
on my research but also because people here are very direct. e
Japanese wrap any criticism in so many pleasantries that it is
unclear what they mean.

I live with my wife and three sons in Amstelveen.
It was a big surprise to nd croquettes here. \We have them in
Japan too.  ey’re known as korokke. e recipe was obtained
from Dutch traders centuries ago. Whereas you eat them with
mustard, we have them with soy sauce. My wife and | also re-
cently ate a Dutch herring, but I didn't like the onions and the
pickles at all. Give me soy sauce any day’




(born Sofia, 1978) is undertaking a molecular-level study

of the role of hypoxia in the metastasis of cancer cells. ‘e

Research in the family

‘The UMC Utrecht is an excellent research center with
a good atmosphere. | have signed a four-year contract
here because of the interesting research that | can do
on tumor metastasis.  ere is evidence to suggest that hy-
poxic cells are more likely to metastasize than other cancer cells.

e mechanism behind this is not well understood. Perhaps
they are looking for a more favorable environment, somewhere
with more oxygen.

Many labs are researching the role of hypoxia in the
metastasis of cancer cells. In Utrecht we are trying to establish
~ whether it really is these hypoxic cells that metastasize and what
enables a cell to successfully disengage from the primary tu-
{ mor.

| am investigating these mechanisms at the molecular °
level. It is thought that hypoxia inducible factor (HIF) may play
akey role. s protein helps healthy cells to survive hypoxia by
allowing them to adapt to their environment. In cancer cells,
however, it also appears to play a role in migration. Understand-
ing how HIF is regulated may help us in the future to inhibit
hypoxia-induced metastasis.

My parents are both research biologists. As a child |
would sometimes go with them to their laboratories. My father's
lab was full of plants that he was studying, whereas in the case
of my mother, who is a neurophysiologist, it was mainly equip-
ment. When | was fourteen, our family moved to London, On-
tario, in Canada, where my parents had secured research con-
tracts.

What | like most about the Netherlands is the fact that
the seasons are so mild. Where we lived in Canada you simply
can’t survive in summer without air conditioning and in winter
the temperature drops to -20 °C. What | nd di cult is the lan-
guage — especially the pronunciation: the ‘sch’ the ‘eu’ — which
is why | am taking an informal course, which is taught by vol-
unteers.

My husband works as head pastry chef at the Marriott
Hotel in Amsterdam. Our son is three. | think it's unlikely that
he will grow up in the Netherlands, but you never know. Just
look at my parents: they are still living in Canada’









